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57 ABSTRACT

The present invention provides a maintenance system for
wind turbine equipment. The maintenance system includes a
trolley support unit (130), a trolley (140), a pulley, a winch
unit (150) and a door (160). The trolley support unit is pro-
vided in the nacelle so as to be movable in the longitudinal
direction of the nacelle. The trolley is provided on the trolley
support unit so as to be movable in the lateral direction of the
nacelle. The pulley is rotatably installed in the trolley. The
winch unit is connected to the pulley through a wire. The door
is provided in the nacelle so that an element of the nacelle to
be repaired is removed from or inserted into the nacelle
through the door. Therefore, in the present invention, when
maintenance or repair of an element in the nacelle is required,
it can be conveniently conducted without using a separate
crane.

7 Claims, 4 Drawing Sheets
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1
MAINTENANCE SYSTEM FOR WIND
TURBINE EQUIPMENT

TECHNICAL FIELD

The present invention relates, in general, to maintenance
systems for wind turbine equipment and, more particularly, to
a maintenance system for wind turbine equipment which is
constructed such that when maintenance or repair of an ele-
ment in a nacelle of the wind turbine equipment is required,
the maintenance or repair can be easily and efficiently con-
ducted.

BACKGROUND ART

Generally, wind power generating systems convert kinetic
energy created by wind into electric energy. According to the
installation place, the wind power generating system is clas-
sified into an onshore system or an offshore system.

Typically, such a wind power generating system includes a
tower which is supported on supporting ground, a nacelle
which is provided on the upper end of the tower, and a blade
which is coupled to the front end of the nacelle. The nacelle
has therein several devices, such as a gear box, a generator, an
inverter, etc., which are necessary to generate electricity. In
the wind power generating system, the blade and the gear box
convert kinetic energy created by wind into high-speed
kinetic energy of 1500 rpm or more. The generator coupled to
the gear box converts the high-speed kinetic energy into elec-
tric energy. Electricity produced by the generator is rectified
by the inverter.

Here, in the case of electronic elements installed in the
nacelle, the performance thereof may be lowered after they
have been used for a predetermined period of time. Some of
the elements may require replacement. Particularly, in the
case where the wind power generating system is used oft-
shore, abrupt malfunction may be induced by water, salinity,
etc., so that an emergency repair may be required.

As such, when maintenance or repair of the nacelle is
required, for example, to replace a malfunctioned element
with a new one, a separate large crane may be used, or,
alternatively, the entire upper surface of the nacelle may be
opened to install a crane. Meanwhile, in the case where main-
tenance or repair of the tower or nacelle using a mechanical
structure is required, a separate mechanism is necessary and
sufficient space must be ensured.

Furthermore, in the case where elements in the nacelle
malfunction, repair work must be rapidly and conveniently
conducted. However, in the conventional technique, a sepa-
rate large crane is required, or installation of a separate crane
in the nacelle is necessary. Therefore, there are disadvantages
in that efficiency of repair work is low, and a sufficiently large
space must be ensured on or around the tower. Moreover, in
the conventional technique, the entire upper surface of the
nacelle must be opened for maintenance, in other words, a
nacelle roof must be opened, thus making the repair work
inconvenient and complex.

DISCLOSURE OF INVENTION
Technical Problem

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and an
object of the present invention is to provide a maintenance
system for wind turbine equipment which includes a trolley
unit installed in a nacelle of the wind turbine equipment, and
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2

a winch unit provided outside the nacelle, so that when main-
tenance or repair of an element is required, the maintenance
or repair work can be rapidly and conveniently conducted.

Technical Solution

In order to accomplish the above object, the present inven-
tion provides a maintenance system for wind turbine equip-
ment, including: a trolley support unit provided at an upper
position in the nacelle so as to be movable in a longitudinal
direction of the nacelle; a trolley provided on the trolley
support unit so as to be movable in a lateral direction of the
nacelle; a pulley installed in the trolley so as to be rotatable; a
winch unit connected to the pulley through a wire; and a door
providedin alower end of the nacelle so that an element of the
nacelle to be maintained or repaired is removed from or
inserted into the nacelle through the door.

The maintenance system may further include a jig pro-
vided below the pulley to hold the element to be maintained or
repaired.

The winch unit may be fastened to the tower or supporting
ground.

The pulley may include a drive pulley connected to the
winch unit, and a driven pulley coupled to the jig. The drive
pulley may comprise a plurality of drive pulleys, and the
driven pulley may comprise a plurality of driven pulleys.

Advantageous Effects

In a maintenance system for wind turbine equipment
according to the present invention, a trolley unit is movably
provided in a nacelle of the wind turbine equipment, and a
winch unit connected to the trolley unit is provided outside
the nacelle. When maintenance or repair of an element in the
nacelle is required, it can be rapidly and conveniently con-
ducted without using a separate external crane.

Furthermore, an openable door is provided in the lower
surface of the nacelle, so that the element to be maintained or
repaired can be removed from or inserted into the nacelle
through the door. Thus, space utilization in the nacelle can be
optimized.

BRIEF DESCRIPTION OF DRAWINGS

FIG.1is a schematic side view showing the construction of
wind turbine equipment to illustrate a maintenance system for
the wind turbine equipment, according to an embodiment of
the present invention;

FIG. 2 is a plan view showing the construction of a nacelle
of the wind turbine to illustrate the maintenance system of
FIG. 1 in detail;

FIG. 3 is a perspective view showing a relationship
between a trolley support unit and a trolley provided on the
trolley support unit according to the present invention; and

FIG. 4 is a perspective view illustrating connection
between pulleys and a jig according to the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

The above and other objects, features and advantages of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings. Hereinafter, a maintenance system
for wind turbine equipment according to a preferred embodi-
ment of the present invention will be described in detail with
reference to the attached drawings.
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FIG.11s a schematic side view showing the construction of
the wind turbine equipment to illustrate the maintenance sys-
tem for the wind turbine equipment, according to the embodi-
ment of the present invention. FIG. 2 is a plan view showing
the construction of a nacelle 104 of the wind turbine to illus-
trate the maintenance system of FIG. 1 in detail;

The maintenance system for the wind turbine equipment
according to the embodiment of the present invention will be
explained with reference to FIGS. 1 and 2.

As shown in the drawings, the wind turbine equipment 100
includes a tower 105 supported on a ground 102, the nacelle
104 and blades 106. The nacelle 104 is fastened to the upper
end of the tower 105. The tower 105 may have a hollow steel
structure and be constructed by piling multistage cylindrical
members using a crane up to a predetermined height. The
blades 106 are rotated by the flow of air. The rotation of the
blades 106 is increased in speed by a gear box 110 provided
in the nacelle 104. The kinetic energy generated by the blades
106 is converted into electric energy by a generator 114
coupled to the gear box 110.

The blades 106 are coupled to a hub 107 by fitting the ends
thereof into the hub 107. The hub 107 is connected to a main
shaft 108. The main shaft 108 is rotatably coupled to the gear
box 110 provided in the nacelle 104. The blades 106 are
connected to the gear box 110 through the above connection
structure.

The nacelle 104 has the gear box 110, the generator 114,
inverters 116 and 117 and a control cabinet 118. The gear box
110 transmits high-speed rotational kinetic energy to the gen-
erator 114 through the power transmission shaft 112. The
generator 114 includes a rotor (not shown) which is coupled
to the power transmission shaft 112, and a stator (not shown).
The rotor rotates around the stator at high speed, thus gener-
ating electricity. The inverters 116 and 117 function to
remove interfering noise from electric energy generated from
the generator 114.

Hereinafter, the maintenance system for the wind turbine
equipment will be explained in detail.

The maintenance system includes a trolley support unit
130 which is provided at an upper position in the nacelle 104
s0 as to be movable in the longitudinal direction of the nacelle
104. In other words, the trolley support unit 130 moves in the
nacelle 104 in the axial direction of the main shaft 108. In
detail, the trolley support unit 130 moves on a nacelle frame
120 which is provided in the nacelle 104 and is firmly fas-
tened to the upper portion thereof. Guide rails (not shown) are
provided on the upper surface of the nacelle frame 120, so that
the trolley support unit 130 can smoothly reciprocate on the
nacelle frame 120 along the guide rails. The trolley support
unit 130 includes a pair of longitudinal bars 131, lateral bars
132 which connect the longitudinal bars 131 to each other,
and drive wheels 133 which are provided under both ends of
the longitudinal bars 131. The drive wheels 133 roll on the
nacelle frame 120 such that the trolley support unit 130 can
smoothly move along the nacelle frame 120.

The maintenance system further includes a trolley 140
which is provided on the trolley support unit 130 so as to be
movable in the lateral direction of the nacelle 104, a drive
pulley 144 which is provided in the trolley 140, and a winch
unit 150 which is connected to the drive pulley 144 through a
wire 156.

The trolley 140 includes an outer frame 141, an inner frame
142 and drive wheels 145. The drive pulley 144 is rotatably
installed between the outer frame 141 and the inner frame
142. The drive wheels 145 roll on the longitudinal bars 131 of
the trolley support unit 130 such that the trolley 140 can
smoothly move along the trolley support unit 130. Here,
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guide depressions (not shown) may be respectively formed in
the upper surfaces of the longitudinal bars 131, so that the
drive wheels 145 move along the longitudinal bars 131 with-
out being undesirably displaced therefrom.

The winch unit 150 is provided outside the nacelle 104 and
may comprise a winch 154 which is installed on the ground
102, or a winch 152 which is installed on the tower 105. The
winch unit 150 moves a jig 147 connected to the wire 156
upwards or downwards by adjusting the wire 156 which is
wound or unwound by the winch unit 150. Here, ground 102
means a concept which can be applied not only to the land but
also the sea. In the case of the sea, the winch unit 150 can be
fastened, for example, to a SEP barge (a self elevated platform
barge).

Meanwhile, to maintain or repair a relatively light device of
the wind turbine equipment, a temporary winch may be
installed on the trolley 140. For example, in the case of a
relatively small device having a weight less than 1 ton, the
maintenance thereof can be conducted without using the
external winch unit. Furthermore, in this case, the jig is
unnecessary.

A door 160 is openably provided in the lower surface of the
nacelle 104. The door 150 provides a passage through which
elements to be maintained are moved out of or into the nacelle
104. That is, in the conventional art, the upper end of the
nacelle 104 must be opened for maintenance. However, in the
present invention, only a portion corresponding to space
required for maintenance is cut, and the door is provided on
the cut portion, thus increasing the space utilization.

FIG. 3 is a perspective view showing a relationship
between the trolley support unit 130 and the trolley 140
provided on the trolley support unit 130. FIG. 4 is a perspec-
tive view illustrating the connection between the pulleys and
the jig 147 according to the present invention. Hereinafter, the
relationship between the trolley support unit 130 and the
trolley 140 will be explained in detail with reference to FIG.
3.

The trolley support unit 130 further includes four first fixed
pulleys 121 which are respectively provided on the corners of
the upper surface of the nacelle frame 120, and first guide
wires 122 which are connected between the first fixed pulleys
to guide the trolley support unit 130 moving on the nacelle
frame 120.

Furthermore, four second fixed pulleys 124 are respec-
tively provided on the corners of the trolley support unit 130,
that is, at the junctions between the longitudinal bars 131 and
the lateral bars 132. Second guide wires 125 are connected
between the second fixed pulleys 124 in the direction in which
the trolley 140 moves. Thus, the trolley 140 can smoothly
move on the upper surface of the trolley support unit 130. As
necessary, the number of first fixed pulleys 121 or second
fixed pulleys 124 may be varied, in other words, be more or
less than four.

The trolley support unit 130 moves in the nacelle 104 in the
longitudinal direction of the nacelle 104. The trolley 140
moves on the trolley support unit 130 in the lateral direction
of the nacelle 104. Hence, on the coordinates formed when
seen in the plan view of the nacelle 104, the trolley 140 can be
seen from all points on the coordinates and be thus disposed
above any device installed in the nacelle 104.

The connection between the pulleys and the jig 147 will be
explained in detail with reference to FIG. 4. The pulleys
comprise the drive pulley 144 and the driven pulley 146. The
drive pulley 144 is connected to the driven pulley 146 by a
wire 149.

The jig 147 is provided below the trolley 140. The jig 147
includes a hanging rod 148 on which elements to be repaired
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are hung to move the elements in the nacelle 104. The driven
pulley 146 is rotatably provided in the jig 147. The drive
pulley 144 and the driven pulley 146 comprise a plurality of
drive pulleys 144 and a plurality of driven pulleys 146 to
reduce a load applied to the jig 147. In addition, a load applied
to the wire 149 can be reduced using a movable pulley struc-
ture.

The overall operation of the maintenance system for the
wind turbine equipment will be explained in detail with ref-
erence to FIGS. 1 through 4.

When maintenance or repair is required because of mal-
functioning of a device in the nacelle 104, the trolley support
unit 130 moves on the nacelle frame 120 in the longitudinal
direction of the nacelle 104 and, thereafter, the trolley 140
moves on the trolley support unit 130 in the lateral direction
of'the nacelle 104, thus being disposed above the device to be
maintained or repaired. The movement of the trolley support
unit 130 and the trolley 140 can be realized by a separate drive
means. Typically, because the trolley 140 must be exactly
moved to the desired position by the user, a manual device
may be used as the drive means. The manual device may form
a closed loop system using a chain block. This drive means
can be derived by the well-known technique, therefore further
explanation is deemed unnecessary.

When it is desired to move the jig 147 provided under the
trolley 140, for example, to replace an element to be repaired
with a new one, the winch unit 150 is operated. In detail, the
wire 156 is wound around or unwound from the winch unit
150. Here, the tension of the wire 156 is supported by a
direction converting pulley 127 installed in the nacelle 104. In
addition, the power transmission direction is converted by the
direction converting pulley 127. After the jig 147 is moved
upwards or downwards and thus disposed at a position spaced
apart from the desired element by an appropriate distance, the
element is reliably held by the jig 147. Thereafter, the jig 147
is moved upwards to an appropriate height by operating the
winch unit 150.

Subsequently, the door 160 provided in the lower end of the
nacelle 104 is opened to preliminarily prepare for removal of
the element from nacelle 104. The jig 147 is thereafter dis-
posed above the door 160 by horizontally moving the trolley
support unit 130 and the trolley 140. The element held by the
jig 147 is subsequently discharged out of the nacelle 104
through the door 160 by operating the winch unit 150.

A process of installing a new element in the nacelle 104 is
conducted in the reverse of the order of removing the mal-
functioned element, therefore further explanation will be
skipped.

Although the preferred embodiment of the present inven-
tion has been disclosed for illustrative purposes, those skilled
in the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed in the accom-
panying claims.

The invention claimed is:

1. A maintenance system for wind turbine equipment
including a nacelle having a gear box and a generator to
generate electricity using wind power, a blade mechanically
connected to the gear box, and a tower supporting the nacelle
on an upper end thereof, the maintenance system, compris-
ing: a trolley support unit provided at an upper position in the
nacelle so as to be movable in a longitudinal direction of the
nacelle;

a trolley provided on the trolley support unit so as to be

movable in a lateral direction of the nacelle;

a pulley installed in the trolley so as to be rotatable, the

pulley being contained within the nacelle;
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a winch unit disposed outside of the nacelle and connected
to the pulley through a wire;

a door provided in a lower end of the nacelle so that an
element of the nacelle to be maintained or repaired is
removed from or inserted into the nacelle through the
door; and

a jig provided in the nacelle so as to be below the trolley,
and connected to the pulley from below the pulley, con-
figured to be raised and lowered with respect to the
trolley, and to hold the element to be maintained or
repaired,

wherein the pulley comprises a drive pulley connected to
the winch unit and a driven pulley coupled to the jig so as
to be raised and lowered with the jig, and

wherein the drive pulley is connected to the driven pulley
through a second wire.

2. The maintenance system according to claim 1, wherein

the winch unit is fastened to the tower or supporting ground.

3. The maintenance system according to claim 1, wherein
the drive pulley comprises a plurality of drive pulleys, and the
driven pulley comprises a plurality of driven pulleys.

4. The maintenance system according to claim 1, wherein
the driven pulley is provided below the drive pulley and an
axis of the driven pulley is positioned approximately perpen-
dicular to an axis of the drive pulley.

5. A maintenance system for wind turbine equipment
including a nacelle having a gear box and a generator to
generate electricity using wind power, a blade mechanically
connected to the gear box, and a tower supporting the nacelle
on an upper end thereof, the maintenance system, compris-
ing:

a trolley support unit provided at an upper portion of the
nacelle, so as to be contained within the nacelle, and
configured to be movable in a longitudinal direction of
the nacelle;

a trolley provided on top of the trolley support unit and
contained within the nacelle, and configured to be mov-
able in a lateral direction of the nacelle and the longitu-
dinal direction of the nacelle via the trolley support unit;

a rotatable pulley installed in the trolley so as to be con-
tained within the nacelle, the pulley configured to move
in the longitudinal direction and the lateral direction of
the nacelle via movement of the trolley;

a winch unit disposed outside of the nacelle and connected
to the pulley through a wire;

a door provided in a lower portion of the nacelle so that an
element of the nacelle to be maintained or repaired is
removed from or inserted into the nacelle through the
door; and

ajig connected to the pulley from below the pulley, to hold
the element to be maintained or repaired, wherein the jig
is configured to be raised and lowered with respect to the
trolley, and movable in the longitudinal direction and the
lateral direction of the nacelle via movement of the
pulley,

wherein the pulley comprises a drive pulley connected to
the winch unit and a driven pulley coupled to the jig so as
to be raised and lowered with the jig, and

wherein the drive pulley is connected to the driven pulley
through a second wire.

6. The maintenance system according to claim 5, wherein
the drive pulley comprises a plurality of drive pulleys, and the
driven pulley comprises a plurality of driven pulleys.

7. The maintenance system according to claim 6, wherein
the plurality of driven pulleys is provided below the plurality
of drive pulleys and an axis of the driven pulley is positioned
approximately perpendicular to an axis of the drive pulley.
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